Purpose: To investigate the diagnosis, surgical treatment, and pathology of solid pseudopapillary tumors of the pancreas in our institution. Patients and Methods: We retrospectively analyzed the demographic details, clinical features, imaging findings, and pathological findings of 87 patients with a confirmed diagnosis of solid pseudopapillary tumors of the pancreas (SPTP) and underwent surgery in Tongji Hospital of Tongji Medical College, over a period of 8 years from 2011 to 2018. Results: Our study involved a total of 87 patients (16 males and 71 females) with a mean age of 31.3±13.1 years (range: 10-61 years). The main compliant was abdominal pain or discomfort (n=49) and the median tumor size was 58.6±31.7 mm (range: 16-156mm). Tumors were located in the head (27 patients, 31%), the neck (13 patients, 15%), and the body and tail (47 patients, 54%). There were no significant differences between the patients in terms of sex, age, or tumor location. Partial pancreatectomy was performed in 79 patients, enucleation in six patients, and total pancreatectomy in two patients. R0 resection was achieved in 86 patients. The postoperative morbidity was 36.8%, and the main complication was pancreatic fistula. Pathological examination and immunohistochemical markers were used to provide a final diagnosis. The main follow-up period was 46 months (range: 13-97 months). At the end of the follow-up period, 86 patients were alive and had not experienced recurrence; one patient was lost to follow-up. Conclusion: The accurate diagnosis of SPTP is vital. Our data showed that surgical resection is safe and associated with low morbidity and mortality rates. Pathological findings can play an important role in diagnosis and long-term survival.
Introduction
The first description of the disease was published by Frantz in 1959. 1 These tumors were subsequently reclassified as solid pseudopapillary tumors (SPTs) by the World Health Organization in 1996, 2 and then as solid pseudopapillary neoplasms (SPNS) in 2010. 3 The precise origin of this form of tumor remains unclear, although some previous studies have suggested that they originate from cells related to the genital ridge. 4 Previous studies have reported that SPTP represents only 1-2% of the pancreatic neoplasms and are associated with low-grade malignancies. 5 However, as preoperative examination methods have improved, and increasing number of patients are being identified as having SPTP and those patients may be diagnosed with cystadenoma of pancreas or pancreatic neuroendocrine tumors without the improved examination methods. Surgery remains the first choice of treatment for this form of tumor and represents the only curative option. However, a range of surgical procedures have been reported, including local excisions, radical resections, and debulking procedures. 6 There is a clear need to develop more effective methods for the diagnosis and treatment of SPTP and thus improve patient prognosis. We therefore carried out a retrospective analysis of clinical data including clinical features, surgical strategies, pathology features and immunohistochemistry results from 87 patients who had been diagnosed with SPTP and treated in Tongji Hospital of Tongji Medical College between January 2011 and December 2018.
Materials and Methods
We collected and analyzed a range of clinical data from 87 patients who had been diagnosed and treated for SPTP in Tongji Hospital of Tongji Medical College between January 2011 and December 2018, including demographic data, clinical presentation, pathological features, and surgical strategy.
The indications for surgery included the clinical manifestations and imaging diagnosis of SPTP, or a lesion, in the pancreas that had been prompted by endoscopic ultrasoundguided fine-needle aspiration cytology (FNAC). All patients underwent surgery by the same team of pancreatic surgeons in our pancreas center. R0 resection was the primary aim, although the specific location and size of the tumor were used to select the appropriate surgical method, including total pancreatectomy, distal pancreatectomy (LDP, ODP), distal pancreatectomy spleen-preserving, pancreaticoduodenectomy (LPD, OPD), middle pancreatectomy (MP), and enucleation. Total pancreatectomy, vascular resection, and metastasectomy resection were performed whenever deemed appropriate to achieve complete resection.
There were a range of postoperative complications, including wound infection, abdominal pain, abdominal infection, delayed gastric emptying (DGE), pancreatitis, pancreatic fistulae (PF), hemorrhage, and mortality. DGE was defined and graded according to the International Study Group for Pancreatic Surgery 7 while PF was defined and graded according to the International Study Group on Pancreatic Fistula (ISGPF). 8 In all patients, the diagnosis of SPTP was confirmed pathologically by histological and immunohistochemical findings. We determined the expression of PCK, CyclinD1, Syn, PR, Cga, Vim, EMA, E-cadherin, CD10, CD56, CK8/18, β-catenin, and KI67 and classified the relative expression as no expression (-), weak expression (±) and high expression (+). The tumor was defined as being malignant if we detected metastasis in the liver, or other organs, or invasion of the peripheral nerves or vessels, or the involvement of lymph nodes.
Patients were followed up every 3 months in the first year, every 6 months over the next 2 years, and annually thereafter. Follow-up examinations included clinical manifestations, a physical examination, blood tests, and an abdominal ultrasound scan. If any of these tests were positive, we carried out a total abdomen computed tomography (CT) scan to rule out recurrence. During follow-up, we directly telephone interview the patients and acquired data from electronic medical records.
All statistical analyses were performed using Statistical Product and Service Solutions (SPSS) software, version 21.0, for Windows. Continuous data are expressed as means ± standard deviation (SD). The independent t test was used to analyze continuous data while the Chi-square test, or Fisher's exact test, was used for categorical variables. The level of statistical significance was set at p<0.05.
All patients provided written informed consent prior to the retrospective data retrieval from medical records. This study was examined and approved by the medical ethics committee of Tongji hospital of Tongji Medical College of Huazhong University of Science and Technology. The study was conducted according to the principles expressed in the Declaration of Helsinki.
Results

Patients Characteristics
Between January 2011 and December 2018, 87 patients were diagnosed with SPTP and underwent surgery in Tongji Hospital of Tongji Medical College. Of these, 16 were male and 71 were female. The median patient age was 31.3±13.1 years (range: 10-61 years) and the median tumor size was 58.6 ±31.7mm (range: 16-156mm). The clinical features were nonspecific, including abdominal pain or discomfort (n=49, 56.3%), nausea (n=4, 4.6%), abdominal mass (n=5, 5.7%), although some patients were asymptomatic (n=29, 33.3%). Tumors were located in the head (27 patients, 31%), neck (13 patients, 15%), body and tail (47 patients, 54%). Patient characteristics are given in Table 1 .
Preoperative Examinations
We tested the serum levels of serum carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) in all patients. All patients were scanned by CT prior to surgery. In four patients, endoscopic ultrasound-guided fine-needle aspiration cytology (FNAC) was carried out in order to obtain an accurate diagnosis.
The typical CT appearance of an SPTP was a sharply defined tumor containing cystic areas of hemorrhage and necrotic changes; these characteristics were evident in 33 patients. Our analysis showed that of the 87 tumors examined, 14 were completely cystic, 63 were solid-cystic, and 10 were completely solid. Calcification was observed in 14 cases. One patient had liver metastases and two others showed invasion of the superior mesenteric vein and portal vein. Data acquired from blood tests and imaging studies are shown in Table 2 . Figure 1 shows the CT images of SPTP.
Surgical Strategy and Complications
Data relating to the location and size of the tumor were used to select a suitable surgical method. In total, 51 patients with lesions in the body and/or tail underwent a distal pancreatectomy (26 LDP and 25 ODP), including six spleen-preserving resections. Twenty-four patients underwent pancreaticoduodenectomy (7 LPD and 17 OPD), four patients underwent middle pancreatectomy, and six patients underwent enucleation. Two patients underwent pancreatectomy, one underwent partial superior mesenteric vein resection, one underwent partial portal vein resection, and one received partial liver resection in order to achieve complete resection.
There were no surgical mortalities. The main complication was pancreatic fistula, which occurred in 21 patients (19 patients were classified as Grade A, and two patients were classified as Grade B); none were classified as Grade C. A range of other complications were observed, including wound infection (n=1), abdominal pain (n=3), abdominal infection (n=2), delayed gastric emptying (n=1), and pancreatitis (n=3). Hemorrhage was the most serious postoperative complication, and occurred in one patient. All complications were cured following prompt treatment and none of the patients required another round of surgery. Surgical strategies and complications are described in Tables 3 and 4 .
Macroscopic and Microscopic Features
Our primary goal was R0 resection. All surgical specimens were assessed pathologically by two experienced pathologists. Analysis showed that we achieved a clear margin in 86 patients, and an involved margin in one patient. Three patients showed pancreatic parenchymal invasion, one patient showed perineural invasion, and two showed local regional invasion when examined under the microscope. These data are shown in Table 5 . Figure 2 shows the pathologic image results.
Immunohistochemistry Results
In addition to pathological examination, all of the surgical specimens were also assessed immunohistochemically. Our results showed that SPTPs expressed a range of proteins, including pan cytokeratin (n=40), vimentin (n=83), β-catenin (n=86), cyclinD1 (n=75), synaptophysin (n=65), progesterone receptor (n=54), chromogranin A (n=5), epithelial membrane antigen (n=0), E-cadherin (n=1), CK8/18 (n=13), CD10 (n=82), CD56 (n=86), and Ki-67 (n=3). Immunohistochemical data are shown in Table 6 . 
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Follow-Up
During follow-up, patients were assessed for clinical manifestations, and underwent a physical examination, blood tests and an abdominal ultrasound scan and CT, if necessary. There are no patients suffered recurrence with a median follow-up period of 46 months (range: 13-97). One patient was lost to follow-up.
Discussion
Solid pseudopapillary tumors of the pancreas (SPTPs) are a rare form of neoplasm with low malignant potential and account for 1-2% of all pancreatic neoplasms. 5 SPTPs often occur in young women in the second or third decade of life; this suggests the potential involvement of sex hormones, although there is no direct evidence for this at the present time. 9 Several previous studies have indicated that males presenting with SPTP are older, 10 so as to our study (males 33.9±13.97 vs females 30.7±12.93), but we found no difference between the males and females with regards to clinicopathological characteristics. There are no specific clinical features associated with SPTP, although 70-90% of the patients present with symptoms. 11 In our study, we found that 58 patients (66.7%) had clinical symptoms and 29 patients (33.3%) were asymptomatic. These symptoms included abdominal DovePress pain, discomfort, nausea, and abdominal masses. Recent studies have also shown an increasing trend for asymptomatic patients, thus concurring with our present study. We found that the mean tumor size in our patients was 58.6±31.7 mm (range: 16-156mm) , and also found that the tumors were smaller in males than females (54.5±32.87 vs 59.5±31.53mm); this is consistent with previous studies, but was not statistically significant. 12 We also found that the body and tail were more commonly involved both in males and females; this was consistent with the previous findings of Lee et al, who reported that 69.4% of SPTPs were located in the pancreatic body or tail. 13 Yu et al further reported that the size and location of a tumor could not predict malignancy, 14 although Kim et al considered that a tumor that was larger than 5 cm represented a risk factor for malignancy. 15 Our experience indicates that tumor size and location are not factors that are associated with malignancy.
Due to its sensitivity and specificity, CT is the first choice for diagnosing SPTP. 16 In addition, MRI can also identify the cystic, solid-cystic, and hemorrhagic areas of SPTP. 17 Most of our patients were diagnosed incidentally by imaging examinations (such as US, CT, MRI, PET) without particular clinical symptoms. The accuracy of EUS with FNA for the diagnosis of SPTs ranges from 41.2% to 69%, 6, 18 and is becoming increasingly accepted by surgeons, especially for patients who are difficult to diagnose. 19 However, some authors have argued that EUS with FNA should not be the first choice due to the uncertain potential for malignancy and the high risk of false negatives. 20 Consequently, it is necessary to use a combination of techniques when examining patients.
Surgical resection is the only curative treatment for SPTP whenever metastasis, local invasion, or lymph invasion is evident. At our institution, our primary goal is R0 resection. Our aim is to use surgery to preserve the pancreas in all patients, if at all possible. The location and size of a tumor is used to select the appropriate surgical approach. Distal pancreatectomy, with or without splenectomy, was used for tumors in the pancreatic body and/or tail, while pancreatoduodenectomy was used for tumors in the pancreatic head. Enucleation was performed when tumors were smaller than 3 cm and had been confirmed not to be associated with the common bile duct and the main pancreatic duct. Enhanced CT was also used to assess how resectable a tumor was, along with vascular involvement and metastasis. 21 SMV/PV resection was planned when there was evidence of vessel wall involvement according to the CT scan or the MRI results and two patients received SMV/PV resection and reconstruction due to SMV/PV involvement. One patient underwent partial hepatectomy in order to resect liver metastasis. Two other patients received total pancreatectomy due to atrophy of the pancreas caused by tumor compression. Overall, we achieved R0 resection in 86 patients. No extensive lymphatic dissection was required because we only found one patient with lymph node metastasis in our study (the patient was suspected to pancreatic cancer so the lymph nodes (NO. 10, 11, 18) around the body and tail of the pancreas were dissected)this concurs with the previous findings of Suzuki et al. 22 The role of neo-adjuvant or adjuvant chemotherapy, and radiotherapy, in the treatment of SPT is limited, 23, 24 but Brunetti et al find an interesting result that a patient diagnosed to SPTP with malignant transformation treated with adjuvant chemotherapy achieved a longduration. 25 In the present study, we found that pancreatic fistulas were the predominant complication (n=21 patients); grade A fistulas were found in 19 patients, while grade B fistulas were found in two patients; we did not identify any grade C fistulas. Postoperative bleeding was the most dangerous complication and one of the patients who underwent vascular resections suffered hemorrhage post operation and was cured by conservative treatment such as drainage and hemostatic.
Previous studies have reported that 10% of the patients experience recurrence after resection 22 and that lymphadenectomy and microscopic margins are not strong prognostic factors for disease recurrence. 26 We found no recurrence in patients undergoing liver metastasis resection or SMV/PV resection; these findings concurred with those of previous studies, 27, 28 showing that radical resection is safe and effective. At a mean follow-up of 46 months, 86 patients were disease-free (even one patient has positive margin in the stump of the pancreas), showed an excellent prognosis. These excellent long-term outcomes may be due to the fact that the surgeries were performed by experienced surgeons. We did lose one patient to follow-up; however, this should be taken into consideration when interpreting our outcomes.
An SPTP contains a mixture of solid, cystic, and pseudopapillary patterns in a variety of proportions, 9 and is composed of small, uniform tumor cells with round nuclei and an eosinophilic cytoplasm. 22, 29 Biopsy and hematoxylin and eosin staining may not be able to differentiate SPTP from acinar cell carcinomas and pancreatic neuroendocrine tumors. Thus, immunohistochemical tests should be used to clarify the diagnosis. 30 Our immunohistochemical assays showed that β-catenin was the most characteristic feature of SPTPs, and was detected in all of our patients. SPTPs can also express a range of proteins that are not specific for the tumor. 31, 32 Previous work has shown that SPT is typically positive for vimentin (Vim), and neuron-specific enolase (NSE); 33 our present findings were consistent with this previous data. We also found high levels of CD56, although a recent study reported that the unique immunohistochemical features of CD56 expression were unclear. 34 SPTP cells are also known to express synaptophysin (Syn), chromogranin A, CD10, cytokeratin (CK), and the progesterone receptor (PR); consequently, all of these proteins could be used to distinguish SPTPs from other tumors, particularly neuroendocrine tumors. However, none of these pathological factors can accurately predict the outcome of SPTP. We therefore tested Ki-67, which is known to be able to predict poor outcome in SPTP patients. 26, 31 In our study, we found that one in three patients with malignant tumors was positive for Ki-67, but we found no recurrence of the patient.
There are several limitations to our study that need to be considered. For example, we had a short follow-up time, and our dataset was limited due to the retrospective nature of our study. Further studies should be carried out using larger datasets.
In conclusion, SPTP is a low-grade malignant tumor that generally occurs in young women without significant symptoms. Surgical resection is the only curative procedure and is associated with low morbidity and mortality rates, even in patients with metastases and vascular invasion. Following surgery, patients can achieve excellent long-term survival rates. Pathological and immunohistochemical examination can help to make a definite diagnosis. Accurate diagnoses and follow-up are vital in order to increase the prognosis of the patients affected.
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